Honey, obtained by the honeybee (Apis mellifera) from nectar plants, with different composition according to floral sources, regional and climatic conditions, is widely consumed for its nutritional value and various properties. It could be considered a bio-indicator of environmental pollution to assess the presence of metals, naturally present in soil, and pesticides, widely used in agricultural practices. Actually no specific legislation on honey's metals and pesticides content exists. The aim of this study was to evaluate the presence of toxic metals (Pb and Cd) and insecticides (organochlorines, organophosphates, pyrethrins and pyrethroids) in carob, chestnut and eucalyptus honey samples from Sicily and carried out a risk assessment to dietary intake of these contaminants. The results obtained showed low residual levels of Pb (0.1709 ± 0.078 mg kg -1 ) and Cd (0.0153 ± 0.004 mg kg -1 ) while the concentrations of all pesticides analyzed were under the LOD (< 0.01 mg kg -1 ). To explain the source of metals contamination in honey, the analytical investigation was conducted also in carob (Ceratonia siliqua L.), chestnut (Castanea sativa) and eucalyptus (Eucalyptus globules Labill.) powders, from which nectar honey is produced, confirming the presence of Pb and Cd concentrations with statistically significant differences (P < 0.05 and P < 0.01) in all three types. The risk assessment, evaluated through the Target Hazard Quotient (THQ) and confirmed also by EFSA Provisional Tolerable Weekly Intake (PTWI), showed that metals daily intake through Sicilian honey consumption is not likely to cause deleterious effect for consumers.
environmental contaminants, like metals and pesticides (Conti & Botrè, 2001 ).
Metal contamination of honey could be of environmental origin, as result of various anthropic activities (agricultural practice, industries, waste dump, etc.) (Przybylowsky & Wilczyńska, 2001; Tuzen & Soylak 2005; Stankovska, 2008; Özcan & AL Juhaimi, 2011) . Pesticides contamination, instead, could be of environmental source, as OCs, piretrines and piretroids used for plant treatment in agriculture practice (Thompson, 2010) , and of apicultural origin, as acaricides and organophosphorus pesticides (OPPs) used for the control of Varroa jacobsonie and Ascosphera apis (Tsipi, Triantafyllou, & Hiskia, 1999) , pesticides for wax moth and small hive beetle control, antibiotics and other drugs for the treatment of bee disease and migration from wax to honey (Blasco, Vazquez-Roig, Onghena, Masia, & Picó, 2011; Das & Kaya, 2009) . Particularly, pesticides used in crop production, applied as sprays, soil drenches, seed treatments or granules, may result in residues in the growing plant and in substrates attractive to honey bees, e.g. nectar, pollen or aphid honeydew, and can reduce the acreages of useful plants for the bee activity (Karise, Viik, & Mand, 2007) . Honey bees may be poisoned when they feed on nectar or pollen contaminated by pesticides or when they fly through a cloud of pesticide dust or spray or walk on treated parts of plant. Sometimes, colonies in the hives can be directly affected but most commonly field bees are killed or have their physiological functions altered.
Actually no specific legislation exists on maximum residual limits (MRLs) of heavy metals and pesticides in honey (Regulation EC 396/2005 ; Food Standard Agency: The honey Regulations 2003). Regulation EU 1999 has fixed in honey a MRL only for three acaricides, amitraz, coumaphos and cymiazole, of 0.2, 0.1 and 1 mg/kg, respectively. Recently, the Regulation CE 37/2010 fixed, among the pesticides agents, a maximum limit only for Amitraz (200 µg kg -1 ) and for coumaphos (100 µg kg -1 ) and established, instead, for Flumethrin and Tau-fluvalinate no maximum residual levels required. Therefore, the monitoring on honey safety is very important because few MRLs of xenobiotics were fixed for this food and this makes difficult to discuss the toxicological importance of residues and causes problems in the international marketing and trade of this product (Choudhary & Sharma, 2008) .
Considering that honey is widely consumed by most people, especially in children, ill and old persons diet, for its nutritional value and for various health effects (antibacterial, antimutagenic and probiotic properties), in this study the presence of toxic metals (Pb and Cd) and pesticides (organochlorines, organophosphates, pyrethrins and pyrethroids) was evaluated in carob, chestnut and eucalyptus honey samples from Sicily. In addition, a risk assessment due to dietary intake of these contaminates was carried out through Target Hazard Quotient (THQ) (US-EPA 2000) and Provisional Tolerable Weekly Intake (PTWI) percentage calculation (JEFCA, 1999) in all honey samples.
Materials and Methods

Reagents and Chemicals
Nitric acid 65% and ultrapure water for analysis of trace metals were provided by Suprapur (Carlo Erba-Italy). Hydrochloric acid 37% was obtained from Prolabo-VWR-BDH (France). Standard stock solutions of Pb and Cd (1000 ppm) (99% minimum purity) were provided by MERCK (Darmstand Germany).
Acetonitrile and deionized water (for pesticide residue analysis grade), for chromatographic analysis were provided by Baker (Mallinckrodt Backer, Milan, Italy).
Pesticides standard solutions (99% minimum purity) of organochlorines (Aldrin, Azinphos Methyl, α-BHC, β-BHC, δ-BHC, γ-BHC (Lindane), Chlordane-cis, Chlordane-trans, DDD-o,p', DDD-p,p', DDE-o,p', DDE-p,p', DDT-o,p', DDT-p,p', Dieldrin, Endosulfan-alpha, Endosulfan-beta, Endosulfan-sulphate, Endrin, Endrin ketone, Heptachlor epoxide cis, Heptachlor epoxide trans, Heptachlor, Hexachlorobenzene, Metoxychlor), organophosphates (Chlorpyrifos, Methyl-Chlorpyrifos, Chlorthiophos, Coumaphos, Diazinon, Dichlorvos, Dimethoato, Ethion, Ethoprophos, Fenchlorphos, Fenitrothion, Malathion, Methidathion, Parathion, Parathion methyl, Protiofos), pyrethrins and pyrethroids (Bioallethrine, Cyfluthrine, Cypermethrine, Deltamethrin, Fenpropathrin, Lamba-cyalothrin, Permethrin cis, Permethrin trans, Tefluthrin) and internal standard solution of Fenclorphos were purchased by SIGMA Aldrich (Milan, Italy).
Sampling
The present investigation was conducted on 21 honey samples, collected by beekeepers from hives of the most important bees farms for production and marketing in various area of Sicily (Catania, Palermo, Ragusa, Agrigento), in April-May of year 2012. Honey samples were fresh, not pasteurized or subjected to any other thermal treatment gathered. All samples were unprocessed honeys of floral type and of different botanical origins, represented by Carob (n = 7 samples), Chestnut (n = 7 samples) and Eucalyptus (n = 7 samples). The floral origin of honey samples was directly characterized by the beekeeper in relation to the location where the beehives were situated. Twenty-one natural liquid honey samples collected (100 g) were stored in glass jars, kept at room temperature and in the dark until analysis. To better understand the possible origins of metals contamination in honey, further investigations were carried out on 8 samples of each different plant materials, exactly carob (Ceratonia siliqua L.), Chestnut (Castanea sativa) and Eucalyptus (Eucalyptus globulus Labill.) powder from the same areas of Sicily, from which nectar honey is produced. The plant materials were powdered with the aid of a mortar and pestle to provide uniformity in grain size and each samples was divided into three portions.
Metals Analysis
Honey samples were subjected to homogenization with a stainless steel blender (IKA T 10 Basic Ultra Turrax Homogenizer) and aliquots of 0.5 g were taken from each honey sample and submitted to digestion overnight with 5 ml of HNO 3 (65% v/v).
For carob, chestnut and eucalyptus powders analysis, aliquots of 0.2 g were at first dried for five days in a desiccators and then digested overnight with 5 ml of HNO 3 (65% v/v).
All samples of honey and carob were mineralized for 1 h in a microwave oven (model MDS-2000, CEM corporation, Matthews, NC, USA) with Teflon TM PFA reactors, equipped with a pressure regulation system. Analytical blanks were prepared in a similar manner without samples to check possible contamination during analysis. The samples and blank solutions were brought to a volume of 50 ml with ultrapure water. All the glassware used during the analysis was previously treated with a dilute solution of HNO 3 (0.1% v/v) to prevent contamination and then rinsed with distilled water prior to use.
Metals determination was carried out by graphite furnace atomic absorption spectrometry (GFAAS) (AOAC, 1990) using an atomic absorption spectrophotometer (Analyst 800 Perkin Elmer), equipped with a single-element hollow cathode lamp (283.3 nm for Pb, 228.8 nm for Cd). The quantification was carried out using the external standard method and the calibration curve was constructed at five different concentrations (0.03-0.06-0.12-0.24-0.48 g/l). Pb and Cd concentrations (Cc) in samples analyzed were calculated in mg/kg, according to the following formula: The validation method was conducted according to AOAC guidelines (1990) ( Table 1) . To check the linearity, standard mixture at five concentrations (range 0.05-0.5 µg mL for Pb; range 0.005-0.025 µg mL for Cd) were analyzed in triplicate. The accuracy and repeatability of the method was determined by spike and recovery test. For both metal, recovery was measured in the matrix of 10 samples fortified at three concentrations (0.1-0.3-0.6 mg kg -1 for Pb; 0.01-0.015-0.03 mg kg -1 for Cd) within the range of measurement. Spike recoveries were repeated three times and the results are expressed as an average percentage of recovery (98.7% for Pb; 100% for Cd).
The limit of detection (LOD) and the limit of quantification (LOQ) were calculated following AOAC International (1994). The specificity was confirmed by analysis of blank samples (with no detectable levels of metals). Good laboratory practice (GLP) was applied throughout. 
Pesticides Analysis
For pesticides extraction from food matrix, a Quechers method (Quick, Easy, Cheap, Effective, Rugged and Safe) was used (AOAC 2007) . Aliquots of 5 g of honey were dissolved in 5 mL of deionized water, vortexed for 1 minute, added of 200 µl of internal standard solution (Fenclorphos 5 mg L -1 ) and frozen for 2 h at 18 °C. Samples were added with 10 mL of acetonitrile and extracted in SUPELCO dSPE citrate extraction tube by shaking for 1 minute and centrifuged for 5 min at 3000 rpm. Then 6 mL were transferred in dSPE PSA SPE Cleanup Tube by shaking for 30 sec and centrifuged for 5 min at 3000 g/min. Finally, the organic phase was transferred into vials for chromatographic analysis. A Gas Chromatograph model Agilent 5975 C (Santa Clara, USA), equipped with an CTC COMBO PAL auto-sampler, a MS single quadrupole detector and a HP-5 5% Phenyl Methyl Siloxan column (30 m × 0.25 mm, with 0.25 lm film thickness) (Agilent, Wilmington, USA) was used for identification and quantification of all pesticides. The injector and detector temperatures were 60 °C and 150 °C, respectively. The carrier gas used was helium (99.9%) at flow rate of 1.2 ml/min and the injection volume of 6 µl.
The column oven was temperature programmed from an initial value of 50 °C to 150 °C at a rate of 25 °C/min and then to 220 °C (5 min hold) at a rate of 2 °C/min and then to 270 °C (10 min hold) at a rate of 4 °C/min. The electronic impact (EI) source was 70 eV, the acquisition of spectra was performed in SIM analysis.
Quantitative evaluation of the pesticides residues was performed by the internal standard method using Fenclorphos at a concentration of 5 mg/L and the calibration curves were obtained by comparing the value of the areas of the specific peaks with their concentration. For every pesticide, four standard concentrations (5, 10, 25, 50 ng mL -1 ) were injected. Correlation coefficients were calculated automatically. Signal to noise (S/N) values were quantified for each standards. LODs were calculated from S/N values by using the correction factors; for all pesticides analyzed the LOQ value was of 0.01 mg kg -1 .
The precision and accuracy of the procedure was carried out by analysis of spike and recovery test. For quantity of recovery percentages, a total of 5 g honey sample was measured in a beaker, heated at 35 °C in a water bath, cooled to room temperature and finally spiked with three amounts of standard mixtures pesticides (25, 50, 75 ng g -1 ). Recovery were detected in triplicate and the results were expressed as average percentage of recovery. The specificity was confirmed by analysis of blank samples, carried out as previously described for three determinations. Good laboratory practice (GLP) was applied throughout and procedural blanks were also analyzed. The parameters of the calibration method are reported in Table 2. www 
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Risk Assessment
The assessment of health risks due to consumption of honey was evaluated through the Target Hazard Quotient (THQ), considered the ratio between exposure and the reference exposure dose. The THQ for Cd and Pb was determined following to the methodology described by US-EPA 2000 and calculated for an adult average body weight of 60 kg and considering a food ingestion rate of 1g /day (Apitalia, 2013), according on the formula:
THQ = [(EFr × EDtot × IFR × C) / (RfDo × BWa × ATn)] × 10 -3
where:
EFr: the exposure frequency (365 days/year);
EDtot: is the exposure duration (80 years for the Italian population) according to ISTAT 2013;
IFR: is the food ingestion rate (g day -1 );
C: is the concentration (µg g -1 );
RfDo: is the oral reference dose (µg g -1 day -1 );
BWa: is the adult body weight (60 kg);
ATn: is the average time for non carcinogens (it is equal to EFr x EDtot).
Statistical Analysis
Data are expressed as mean values ± S.D. of at least four determinations and statistically analyzed by one-way analysis of variance (ANOVA) and Student t test. The statistical analysis were significant when P < 0.05.
Results
The results obtained from honeys produced in Sicily showed only the presence of metals residual levels in all samples analyzed. Relating to pesticides, all organochlorines, organophosphates pyrethrins and pyrethroids compounds analyzed, instead, in honey samples were under the LOQ (< 0.01 mg kg -1 ). Residual levels of metals found in honey samples are reported in Table 3 and it's possible to observe the presence of Pb concentrations (0.1709 ± 0.078 mg kg -1 ) higher than Cd (0.0153 ± 0.004 mg kg -1 ) with difference statistically significant (P < 0.05). No significant differences were found in honey samples came from different provinces of Sicily. The comparative analysis of metal concentrations in honey of different floral origin (Figure 1 ) showed higher Pb levels in chestnut (0.281 ± 0.004 mg kg -1 ) than carob (0.0977 ± 0.006 mg kg -1 ) and eucalyptus (0.131 ± 0.005 mg kg -1 ) with differences statistically significant (P < 0.01 and P < 0.05, respectively), while Cd concentrations were similar in all three types (0.015 ± 0.003 mg kg -1 in carob; 0.019 ± 0.004 mg kg -1 in chestnut; 0.010 ± 0.005 mg kg -1 in eucalyptus). The risk assessment has been evaluated by the Target Hazard Quotient, calculated using the RfDo, an estimation of the daily exposure to which the human population is likely to be without any appreciable risk of deleterious effects during a lifetime. The European Protection Agency (EPA) has established a RfDo of 1 × 10 -3 for Cd and the THQ value obtained for this metal was 2.76 × 10 -7 in carob, 3.57 × 10 -7 in chestnut and 1.81 × 10 -7 in eucalyptus honey samples (Table 4) . For Pb, instead, the EPA declined to set this value because it has found no evidence of a threshold below which a non harmful intake could be ''allowed'' (US-EPA 2004) . In absence of this parameter, the THQ could be calculated taking in consideration the metal concentration in food and its official MRL (Maximum Residual Limit) but actually the European Commission has not established a specific MRL for Pb in honey, therefore, the Target Hazard Quotient was calculated only for cadmium. 
Discussion
Metal concentrations found in honey samples in this study are lower than residual levels obtained by other author in honey from Turkey (Erbilir & Erdogrul, 2005) and Spain (Frias et al., 2008) , similar to that obtained in other region of Italy (Ruschioni et al., 2013; Perna, Simonetti, Intaglietta, Sofo, & Gambacorta, 2012 ) but higher than in France (Lambert et al., 2012) . Considering the different floral types, the comparative analysis of metals residual levels in our honey samples (Figure 1 ) showed higher levels of both Pb and Cd in chestnut honey vs eucalyptus (in accordance with Perna et al., 2012) and vs carob samples.
These low metal levels could be explained by mineral and trace element content in carob, chestnut and eucalyptus plant materials (Ayaz et al., 2009 ) from which nectar honey has been produced. These plants, in fact, could contribute to accumulation of trace heavy metals in their tissues, according to their different availability in the soil (Kabata-Pendias, 2004) . Among metals, in particular, Pb is rather immobile in the soil and it is poorly translocated to the vegetative parts, while Cd is easily adsorbed; their presence reflect the environmental pollution trend. Moreover, the lower metals concentrations in carob, chestnut and eucalyptus honey than powder samples found in these investigation could be due to the filtering effect of bees in floral nectar (Chlebo, 2006) . The Joint FAO/WHO Expert Committee on Food Additives (JEFCA, 1999) set a limit for heavy metal intake based on body weight, indicating for an adult of 60 kg a "provisional tolerable weekly intake" (PTWI) of Pb at 0.025 mg/kg/week and of Cd at 0.007 mg/Kg/week. Recently, EFSA CONTAM Panel 2009 modified PTWI for Cd at 2.5 μg kg -1 , confirmed in year 2011, and retired the PTWI. However, considering a weekly assumption of 20g of honey, the results obtained correspond to a small percentage of PTWI (7.82% in carob, 22.4% in chestnut and 10.48 in eucalyptus for Pb; 12% in carob, 15.2% in chestnut and 8.0 in eucalyptus for Cd) ( Table 4 ).
The THQ calculated according RfDo set by EFSA for Cd indicates that there is no carcinogenic risk, in fact THQs values below 1 indicates a level of exposure smaller than the reference dose (Table 4) . For Pb there isn't actually a specific RfDo or the official MRL (Maximum Residual Limit) in honey, needed for THQ calculation. Recently, a proposed value of MRL for Pb is of 1 mg/kg and, considering this limit, the THQ value, for our samples, however results below 1. Therefore it's possible to assume that metals daily intake through Sicilian honey consumption is not likely to cause any deleterious effect during lifetime in humans.
www.ccsenet.org/jfr Journal of Food Research Vol. 3, No. 2; 2014 The pesticides analysis, carried out according to the Quechers method for a simultaneous determination of different classes of compounds (organochlorines, organophosphates, pyrethrins and pyrethroids), showed the absence of residual concentrations in all honey samples. Similarly to our results, Bogdanov (2006) reported no measurable residues of insecticides in honey. Several investigations conducted on different types of honey and through various analytical methods (Buldini, Cavalli, Mevoli, & Lal Sharma, 2001; Zhu et al., 2008; Zhang, Gao, Peng, Li, & Zhou, 2011; Blasco et al., 2011) showed, instead, the presence of pyrethrins and pesticides in honey from India (Mukherjee, 2009) and Spain (Herrera et al., 2005) , respectively. In another study on honey from Spain and Portugal, residues of 42 different pesticides were examined (Blasco et al., 2003; Blasco, Fernandez, Pico, & Font, 2004) and most of the compounds found were organochlorines, like gamma-HCH, HCB and its isomers α-HCH and β-HCH, with concentrations ranging from 0.03 to 4.31 mg kg -1
, but most of them were below 0.5 mg kg -1 .
Considering the absence of pesticides (organoclorines, organophosphates, pyrethrins and pyrethroids) in our honey samples studied, the analysis of these compounds was not conducted in plant materials of carob, chestnut and eucalyptus. In addition, these plants are generally resistant to pests and do not need to be sprayed with pesticides (Batlle & Tous, 1997) .
The results of the present study, moreover, confirm that honey from Sicily represents a low risk of metals and pesticides exposure for consumer, in fact it makes a minimal contribution to Pb and Cd PTWI (Chlebo, 2006) , with THQs values below 1, not dangerous for human health. The low metal levels found in all samples from bee-farms of various areas of Sicily are probably due to the small development of industrial activities while the absence of pesticides residues to traditional agricultural activities in this region (Schur & Wallner, 2000) .
Conclusion
These investigation shows the good quality and safety of honey produced in Sicily. The low metals content found and the absence of pesticides suggest a small environmental pollution in Sicilian areas where honey has been produces and the importance of traditional agricultural practices used. In addition, this study underlines that the honey could be also a valid "bio-indicator" of environmental pollution, considering that honeybees are exposed to heavy metals travelling long distances and to different pesticides used in agriculture. In conclusion, from these data it is possible hypothesize that honey produced in the most important bee-farms of various areas of Sicily could be consumed as "functional food" in children, old and ill persons diet without human risk.
